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THE | NVENTI ON [ 0001] This invention relates to heat
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nfdt€Aas "eh tREWuFRdefDf processing equipment. In petroleum processing,

fouling is the accumulation of unwanted hydrocarbons-based deposits on heat
exchanger surfaces. It has been recognized as a nearly universal problem in
design and operation of refining and petrochemical processing systems, and
affects the operation of equipment in two ways. First, the fouling layer has a
low thermal conductivity. This increases the resistance to heat transfer and
reduces the effectiveness of the heat exchangers — thus increasing temperature in
the system. Second, as deposition occurs, the cross-sectional area is reduced,
which causes an increase in pressure drop across the apparatus and creates

inefficient pressure and flow in the heat exchanger.

[0003] Heat exchanger in-tube fouling costs petroleum refineries hundreds of
millions of dollars each year due to lost efficiencies, throughput, and additional
energy consumption. With the increased cost of energy, heat exchanger fouling
has a greater impact on process profitability. Petroleum refineries and
petrochemical plants also suffer high operating costs due to cleaning required as

a result of fouling that occurs during thermal processing of whole crude oils,
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transfer equipnent. Wiile many types of refinery
equi pnent are affected by fouling, cost estinmates have
shown that the majority of profit |osses occur due to
the fouling of whole crude oiRs and blends in pre-
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exposure to such surface tenperatures, especially in
byrihe temperature disieeancshetwean thefuidand heatigxchange wall.
degradation of the asphaltenes to coke. The coke then
acts as an insulator and is responsible for heat
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in the late-train exchanger, allows for the thermal degradation of the asphaltenes

to coke. The coke then acts as an insulator and is responsible for heat transfer
efficiency losses in the heat exchanger by preventing the surface from heating
tﬁe oil passing through the unit. To return the refinery to more profitable levels,
the fouled heat exchangers need to be cleaned, which typically requires removal

from service, as discussed below.

[0006] Heat exchanger fouling forces refineries to frequently employ costly
shutdowns for the cleaning process. Currently, most refineries practice off-line
cleaning of heat exchanger tube bundles by bringing the heat exchanger out of
service to perform chemical or mechanical cleaning. The cleaning can be based
on scheduled time or usage or on actual monitored fouling conditions. Such

conditions can be determined by evaluating the loss of heat exchange efficiency.
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surfaces to prevent the solids fromsettling and
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system requires a specialized mounting assembly for the individual ducts in a

heat exchanger that would not be suitable for an existing system.

[0009) Thus, there is a need to develop methods for reducing in-tube fouling,
particularly for use with existing equipment. There is a need to mitigate or
eliminate fouling while the heat exchanger equipment is on-line. There is also a

particular need to address fouling in pre-heat train exchangers in a refinery. .

BRIEF SUMMARY OF THE INVENTION

[0010] Aspects of embodiments of the invention relate to providing a device
for generating vibrational energy that produces shear waves in fluid adjacent a

heat exchange surface to mitigate fouling of the surface.
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invention relate to providing a device for generating

vi brational energy that produces shear waves in fluid
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[0011] Anot her aspect of enbodi nents of the invention
relates to providing a device that can be added and
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can be controlled to inpart an optimal anount of
opengtian; onal energy while maintaining the structural
integrity of a system [0013] This invention is
directed to a device for generating energy to induce
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actuates the inpactor to nove with respect to the
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adt@a@e he dhfhactdt’ &) hitve Witharegpédtaiothe impact surface, wherein the
impactor generates vibrational energy over a range of frequencies that is

transferred through the base to the heat exchanger.

[0014) In a preferred embodiment the impactor is a steel ball, the spring

loaded support is a resilient rod, and the actuator is an electromagnet.

[0015] A controller is connected to the actuator that controls the impactor to
move based on a predetermined pattern to generate vibrations at a certain
frequency. A sensor is coupled to the heat exchanger and connected to the

controller to provide feedback relating to the vibrations induced by the impactor.

[0016] The device can be provided in combination with a heat exchanger,
wherein the base is structurally connected to heat exchanger. The heat
exchanger preferably includes a plurality of tubes that carry fluid for heat
exchange. The vibrational energy generated from the impactor is imparted to the

fluid carried by the tubes. The heat exchanger can be in situ in a refinery.
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[0016] The device can be provided in conbination with
a heat exchanger, wherein the base is structurally
- connected to heat exchanger. The heat exchanger
preferably includes a pluraligy of tubes that carry
fluid for heat exchange. The vibrational energy
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exchanger. A controller is connecgted to the actuator .
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description and appended draw ngs. BRI EF DESCRI PTI ON

CF THE DRAW NGS
[0018] These and other aspects of the invention will become apparent when

taken in conjunction with the detailed description and appended drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] The invention will now be described in conjunction with the

accompanying drawings in which:

[0020] FIG. 1 is a side view of the device for generating vibrational energy

in a first position in accordance with this invention;

[0021] FIG. 2 is a side view of the device of FIG. 1 in a second position;



[00191 The invention will now be described in
conjunction with the acconpanying draw ngs in which:

WO O®20366p8 G 1 is a side view of the device foPCT/US2007/011828
generating vibrational energy in a first position in
accordance with this invention; [00211 FIG 2 is a
side view of the device of FIG 1 in a second
position; WD 2007/136698 PCTL[kS2007/011828 -6 [0022]

FIG 3 is a side schematic view of a heat exchanger
with the mechanicall y [ nduced vibration system

t d t t t and ogi tion
BT 7y G 1T iss Ao BicRy SoherunfE Bl o B BreioS3fhanger yith the
methanicall§e irkiitedeyibeatibe Wydfen? i&@aiedeé@hﬁ@%bewnb& tﬂaﬁ.ge and
mechani cal | ¥y i nduced vi bration system|ocated at th

posibiencd @xialiy witherespert tpthe tubsrathdleansversely wit h
respect to the tube bundle; [0024] FIG 5 is a side
schematic view of a heat exchanger with the

[oleshani @E. V4| RIWCSHIcY sEKhAGE WKW & hOE@dteéxémié%?l With the
with respect to the tube- sheet flange; [0025

meshanmﬂerrmdusedrmbmgomfsysm lnsat@é aff tlaettube-Shhdwﬂagge and
vi brati 6 7 1S a schematic
pfﬁ'h\?f’ﬁﬁ t@PsYﬂée yn‘gftgééiéecg%? hlf’e“gﬁ > tangential or

torsional wall vibration; [0027] FIG 8 is a schematic
drawi ng showing lift, drag and shear forces inside a

(0028 at | KFGt ubeis p0sids] s¢hematic i\dew sifda heatspxdcianger with the
w.of..a.s II-t.b heat _excha n 0029] FI
megfuiRang iSaiiadibettion Sinu IpEHES hemplely ik gkt forihe tube-
sktet TRpaNi cal |y induced vibration systemin accordance
with this invention.

[0025] FIG. 6 is a schematic drawing of the inside of a tube showing axial
wall vibration;

[0026] FIG. 7 is a schematic drawing of the inside of a tube showing

tangential or torsional wall vibration;

[0027] FIG. 8 is a schematic drawing showing lift, drag and shear forces

inside a vibrating tube;
[0028] FIG. 9 is a side perspective view of a shell-tube heat exchanger; and,

[0029] " FIG. 10 is a side view of a shell-tube heat exchanger with a

mechanically induced vibration system in accordance with this invention.

[0030] In the drawings, like reference numerals indicate corresponding parts

in the different figures.



[0030] In the drawi ngs, like reference nunerals
i ndi cate corresponding parts in the different
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DESCRI PTI ON OF PREFERRED EMBODI MENTS [ 00311 This
invention is directed to a device for mtigating
fouling in heat exchangers, in general. In a
preferred use, the device is-applied to heat
exchangers used in refining processes, such as in
refineries or petrochem cal processing plants. Such
processi ng generally invol ves whole crude oils, blends
and fractions, which will be referred to collectively
DETAINEDEDESCRIP TION ©OP PREFERRED EMBODINMENTS
sinmplicity. The invention is particularly suited for
retrofitting existing plants so that the process may

sed~hn. exi sting. S ' L] e.
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ekéhangers)ofisigenerdlo dpphy pidferredvesy, i tie deviveh& applied to heat
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afi@ figictioasdwhictanilltbe ddfered tyWollectiély hereRnhierelyCasicrude oils
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especiilye wHil® théieat BXchadgdri i30on NEG AdS I use e dburse, it is
reaction and the depg& tion of insoluble materials. In
1

possitieita apphe the inveatipn 4@ ethespregessing fActlitaessangd heataxehangers,

r I r) .Cl 40 the ] _C mt.igate
pocfloPRH T bY RAF"due sB8publs 'S g o JipdEk Cmanner as
exjiepietesd Ay fifitingprobesses AW@NiredAconvenient to take off line for

repair and cleaning.

[0032] While this invention can be used in existing systems, it is also
possible to initially manufacture a heat exchanger with the vibration inducing

device described herein in new installations.

[0033) Heat exchange with crude oil involves two important fouling
mechanisms: chemical reaction and the deposition of insoluble materials. In.
both instances, the reduction of the viscous sub-layer (or boundary layer) close
to the wall can mitigate the fouling rate. This concept is applied in the process

according to this invention.

[0034] In the case of chemical reaction, the high temperature at the surface
of the heat transfer wall activates the molecules to form precursors for the
fouling residue. If these precursors are not swept out of the relatively stagnant

wall region, they will associate together and deposit on the wall. A reduction of
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boundary | ayer will reduce the thickness of the

stagnant region and hence reduce t he anmount of
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fdwelayed) on the i nsol ubI e partl cles near the wall to

overcone the particles' attractive forces to the

wall . In accordance with. the invention, vibration of
[dd:a@,g valth thé‘ caséi bf &fd déﬁbs‘i’ﬁérﬂ) R GhsotBle rh@teH&Ps ra3duetion in the
of the tube will produce shear waves that propagate
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exchanger in which a bundle 12 of individual t ubes
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anot hef fluid is forced rough the shell and over the

outside of the tubes to effect a heat exchange, as is
[Jb%f““ ﬁsefer%sncgr Itc? %ﬁle ac{x)'g\yv?ngs, FIG. 9 shows a conventional shell-tube
type heat exchanger in which a bundle 12 of individual tubes 14 are supported
by at least one tube sheet flange 16. The bundle 12 is retained within a shell 18,
seen in FIG. 10, that has an inlet and outlet (not shown) so that one fluid flows
inside of the tubes while another fluid is forced through the shell and over the
outside of the tubes to effect a heat exchange, as is known. As described above
in the background section, the wall surfaces of the tubes, including both inside

and outside surfaces, are susceptible to fouling or the accumulation of unwanted

hydrocarbon based deposits.

[0037] It will be recognized by those of ordinary skill in the heat exchanger
art that while a shell-tube exchanger is described herein as an exemplary
embodiment, the invention can be applied to any heat exchanger surface in
various types of known heat exchanger devices. Accordingly, the invention

should not be limited to shell-type exchangers.
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enbodi ment of the invention in which dynam c
dymamis actudtori devico 10, nn ascordimse emhtthetlnarentn%nm added to the

i added to t eat .excha The ham act
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dynam ¢ actuator device 10 is positioned at the

dynamg:eaqteatﬁr devaceidnisnpesitioned iatthe tﬂangnt I@lofgle exchanger to

iR ORI CebalabRk hrey d i bibes, 1, of e iz, A
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used To provide a nechanical |ink between the dynam c
suitablenmounding devite cancbe hsedheaprosidh argechanicalclimk between the

d heat t hi el the.d
SHam s gt JUiciolq piR e R shhanash Tt (i b o3 Enadss a heat
indflat Y 1EshieRl heSHiriuthie dBRFstor dBGicEOW FroRy efé@esls,ﬁe K] 9t could
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applied to the heat exchanger. A sensor 24 coupled to

t he heat exchanger can be provided in comrunication
[0082In t hA controller 22 is preferably in communication with the dynamic

actuator device 10 to control the forces applied to the heat exchanger. A sensor
24 coupled to the heat exchanger can be provided in communication with the
controller 22 to provide feedback for measuring vibration and providing data to
the controller 22 to adjust the frequency and amplitude output of the dynamic
actuator device 10 to achieve shear waves in the fluid adjacent the tubes to
mitigate fouling while minimizing any negative effect of the applied force on the

structure integrity.

[0040] The controller 22 can be any known type of processor, including an
electrical microprocessor, disposed at the location or remotely, to generate a
signal to drive the dynamic actuator device 10 with any necessary amplification.
The controllef 22 can include a signal generator, signal filters and amplifiers,

and digital signal processing units.
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dynam ¢ actuator device 10 to achi eve shear waves in
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vi bration while maintaining structural i ntegrl ty of

the heat exchanger. If desired, an array of dynamc

[e42)at orlIGH0 1cand Bémthaﬂbmibidwm@mipmmr dewice 10 in
the d hi L

GRARTb It PBEHES BBRdImeRtaet  this,JvehigTy fhe dynamic

abfiafdr devite 106indHRRE £ bas 26 iRt I%Vé S8 ;3(911'2’8 and an impactor 30

accordance with a preferred enbodi nent of th
thatvie mounted To ¢hel support 28acThaiiropacior B0antbis embgdmaem is a ball

.26 that h { t
SRS OB TR AR B 35 g Rall cA b e hard pterial, such
-aermql ﬁﬁatthbsspatl idaded2raP 34l &4h BR #hyp @frbﬂg k@ﬂ%@ or flexible

rod 34. The ball 32 can be any hard material, such
maderial sukch asnthetaleos plastis, [thatdedll rsuppont then bal Zhyin an upright

stron ilignt flexihl mat er.

niping vt 0w ko] 1 mBY5 e pSkiBRs o3 fehcihed Befow.

upri ght manner, yet allow the ball to nove between
positions, as described bel ow. [0043] The base 26 al so
[0043] udedhenbasmp 26t alsor inadudd6 anhanpact sirfaees 86 that is disposed

adjacent to the impactor 30 and is made of any hard material, for example a steel
block. The impact surface 36 can be a portion of the base 26 and integral with
the support 28, it can be connected to the support 28, or it can be proximate to
the base 26. It is important that the impact surface 36 be connected to structure
that can directly transfer vibrations to the heat exchanger structure. To
effectively transfer vibrations it is preferred that the structure is fixed in place. It
is also possible to use an existing surface on the heat exchanger that can transfer

vibrations to the tubes.

[0044) An actuator 38 is supported by the base 26 or can be disposed
proximate to the base 26 adjacent to the impactor 30 so as to cause the impactor
30 to move with respect to the impact surface 36. The actuator 38 can be any
mechanism that causes the impactor to move, especially to cause the ball 32 to

move toward and away from the impact surface 36. In a preferred embodiment,



adj acent to the inpactor 30 and is nmade of any hard
material, for exanple a steel block. The inpact
WG 7as@986 can be a portion of the base 26 anPCT/US2007/011828
integral with the support 28, it can be connected to
the support 28, or it can be proximate to the base
26. It is inportant that the inpact surface 36 be
connected to structure that ijgan directly transfer
vi brations to the heat exchanger structure. To
effectively transfer vibrations it is preferred that
th re i j ' ace. . L,S |
i Bl T8 i fstr S el MR b b S SomEnBE 2, fof exampte
a@antrollaNsiigy a puisergdnesdi6r.t 0 the tubes. [0044] An
actuator 38 is supported by the base 26 or can be
di sposed proximate to the base 26 adjacent to the

' cto a heqi mact or . 3 .

ERR°" eselerifly” T SoffiiolyBr B Gliinyie Sebioi ifbing 10 are
feraiedd @s anYunitfBRAN tHeMimbattos BB, EmpAQ W€ 36 hAd actuator 38
nove, especially to cause the ball 32 to nobve toward

supperefatperthan torallovnsasy inyialatien apd afficien retrefit tajan existing
nEPRERRL: Y8 TR0 B89 AT cHEA00 TR Seactichil e desiced

act an-e romagnet riven

sysbéth| ehdlehas A2shdlPtubeXigeitlekchan€dNté dinpart Vibidtichabéh8fy to the
generator. [0045] Preferably, the conponents of the

sy$femani c actuator device 10 are formed as a unit, wth
the inpactor 30, inpact surface 36 and actuator 38
supported together to allow easy installation and

[0ols6] Ci el opetdtidh, thd SctaftoRIgSictdifls the ahp&eh30dAR a fildY position
this, the device 10 can be sinply attached to the
spissilrfsam thes impdctssiiaces 36, sheeentinbBlGedt Theraoteator 38 then

£ O i rt vibpation ener to t em 4 I -
sdifetl VR shulds B irpRaiaf 350 mioSe 10%ard 1R inabf Sided R, thus
steiking tHe P@SAdtisQifacs BECAM iniPaRtihBevibratim thedliglaffe Bése 26 to the
as seen in FIG 1. The actuator 38 then
structural support of the heat exchanger. This is seen in FIG. 2 where the

impactor 30 is in a second position.

[0047] In the preferred embodiment, the electromagnet 38 is charged and
attracts the steel ball 32, as seen in FIG. 1. The spring loaded rod 34 is flexed
and stores mechanical energy. The pulse generator of the controller 22 charges
the electromagnet 38 in accordance with a predetermined frequency. On the off
cycle of the electromagnet 38, the ball 32 is released and the stored mechanical
energy in the rod 34 causes the ball 32 to swing toward and strike the impact
surface 36, as seen in FIG. 2. The force of the strike induces a pulse into the
block of the impact surface 36 that transfers to the base 26, through the flange 16
and ultimately to the tubes 14 of the heat exchanger.

[0048] Of course, any device capable of creating vibrational energy may be
used. For example, instead of a ball, the impactor could be formed as a hammer.

The rod could be replaced with another type of movable support, such as a lever,



sel ectively causes the inpactor 30 to nove toward the
i npact surface 36, thus striking the inpact surface
w@gooansbepsrparti ng vi brati on through the base 2BCT/0S100%011828
structural support of the heat exchanger. This is seen
in FIG 2 where the inpactor 30 is in a
second' position. 100471 In the preferred enbodi nent,
the el ectromagnet 38 is chargex-and attracts the
steel ball 32, as seen in FIG 1. The spring | oaded
rod 34 is flexed and stores nmechanical energy. The
r 1
SBHhE BB RoR R oy ouddlf SHRIGE 16 fiS9 TOSEERT (o ABaty movement
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suitablgymotor fan bseleaincallyeQr preumatical can use a gear
%}éﬁi’% aqkﬂr é%ﬂh' K ahgémleHP% tc u%Hr nfé%t tha %?@ﬁe% "vibrational
or E6 0P TRe. strike i nduces pu se I'n

ehbry. bl ock of the inpact surface 36 that transfers to
the base 26, through the flange 16 and ultinmately to
the tubes 14 of the heat exchanger. [0048] O course,

evi b f r i r:aki ana - OVs: ITRY
0012 e BARE o ! S3pAGGY 1P IR, FRREMIRY mode of
vitsration lig thosystémashen ftandmiamicldwtuatod devided 0z mounted with the
re | aced with another type of nopvable support, such as

basg &ﬁe@xwi}b onented 38 8b srespegtU, they hgat gsehangep whfgwn by the
r It al
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nidyabe mﬂlﬂiedahra)tmgsmirse snade by mowiting theobave 26\ perpendicular to

suj tabl e notor can be el ectr| cally or pneumatically
the: heatrexehangerubes 23 saezw by ke mRuntimecTangament on flange 16A

. g ta t |
EFLGSOP IR 2ot CQUDRARIEOr M iRle FcARR Hid¥m R an also
bausedigi t udi nal node of VI bration in the system when

t he dynam c actuator device 10 is nounted with the

[0050] The controller 22 will preferably be connected to the sensor 24 to
monitor the induced vibrations and control the frequency of the impacts and
resultant vibrations to optimize shear waves adjacent to the heat exchange
surfaces, in this case the tubes 14, while maintaining structural integrity of the

system, as explained below.

[0051] The dynamic actuator device 10 may be placed at various locations
on or near the heat exchanger as long as there is a mechanical link to the tubes
14. The flange 16 provides a direct mechanical link to the tubes 14. The rim of
the flange 16 is a suitable location for connecting the dynamic actuator devi‘ce
10. Other support structures coupled to the flange 16 would also be
mechanically linked to the tubes. For example, the header supporting the heat
exchanger would also be a suitable location for the dynamic actuator device 10.
Vibrations can be transferred through various structures in the system so the

actuator does not need to be directly connected to the flange 16.



base 26 axially oriented with respect to the heat
exchanger as shown by the nounting arrangenent on
WO b@ngaeds in FIG. 1 and 2. Alternatively, viPCHUSN7/011828
may be induced in a transverse node by nounting the
base 26 perpendicular to the heat exchanger tubes as
shown by the nounting arrangenent on flange 16A in
FIG. 1 and 2. A conbination - the above nounting
arrangenents can also be used. [00501 The controller
22 w1l preferably be connected to the sensor 24 to
nonitor the induced vibrations and control the
frequency of the inpacts and resultant vibrations to

[6052] M ZeAs eeplained @bov¢ljandesdent sclidhtativally BXEIGRYS-S, the force
surfaces, in this case the tubes 14, while maintaining

applied byrthe dymagmjeiacjuater daiceshdseambe psiemted in arjous directions

. d ' .ar .devi
" PpebP% s Hibes AR GHBRL ] 8 HOFai 2 shows an
agt Torge A a%li@cn distlyher el ﬁm?éfﬂﬁ@ﬂth?@heéti élcHangthe FIG. 4

tubes 14. e flange 16 EJ_T ovi des a direct nechani cal
showg a oramwersepderce4 T appliedndigectly ho ftheinfanges 16s of the heat

[t e atd f or nnectd n he dypani c_act uat g
cFiler" BRSO, Spouf i, BPROEE FRE, RoSoBHBT Tace SEMARST member
coHhmeyed 16 tho Hafgel1600fthe Heat krOhaddry AllndfasietabolvBapplications

tubes. For exanpl e, the header supporting the heat

of xiomem gepuldo bed suitalepand, wonldatindugecdibrasionsoin tthe tubes 14.

naRi C or. _devi Gge . LVipration an b . .
DRpERGE SE e keRatriitahn. té Bt »ERAn B colfealid 1q maintain
tHeOstrli@turlCintedrity G0 Redt ébﬁﬂﬁn%@r, riictRely the bundle 12. The

connected to the flange 16. WO 2007/ 136698

fares coatbbey appligh gontimpyshogp jntegmistestly. ned above and
seen schematically in FIGs. 3-5, the force applied by
t he dynanic actuator device 10 can be oriented in

[0038] oUs Ifli theChbews applichtib®s HAChcddrdhiié: tWHRSthid) invention, the
accordance with this invention. FIG 3 shows an
actuation of a dynamic force creates tube wall vibration V and corresponding
shear waves SW in the fluid adjacent the walls, as seen in FIGs. 6 and 7. Certain
tube vibration modes will induce oscillating shear waves of fluid near the tube
wall, but the shear waves will dampen out very quickly from the wall into the
fluid creating a very thin acoustic boundary layer and a very high dynamic shear
stress near the wall. The dampened shear waves disrupt the relative quiescent
fluid boundary layer in contact with the inside tube surface, thus preventing or
reducing fouling precursors from settling down and subsequently growing and

fouling.

[0054) The inventors have detérmined through experimentation that
mechanical vibration in accordance with this inventive concept will considerably
reduce the extent of fouling. With proper vibration frequencies, the thickness of
the oscillating fluid can be made sufficiently small so that the fluid within the
sub-laminar boundary layer, otherwise stagnant without shear waves, will be

forced to move relative to the wall surface. The concept is shown in FIG. 8.



axial force A applied directly to the flange 16 of the

heat exchanger. FIG 4 shows a transverse force T
wapprisdgoglirectly to the flange 16 of the heatPCT/US2007/011828

exchanger. FIG 5 shows a renote force R applied to a

structural nmenber connected to the flange 16 of the

heat exchanger. All of the above applications of

force would be suitable and wopl d i nduce vibrations in

the tubes 14. Depending on the system application,

the force would be controlled to maintain the

%fg%{‘%a%é'ﬁ%gg{ E&é/n Hf’Jél %ggn;lﬁogﬁ cfx?é‘ghﬁ”&%{ lifting L forces on the
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above applications in accordance with this invention,
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shear waves of fluid near the tube wall, but the
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thfdulinktendéne NEer & particleanadyliadheidd toltie ARt thé&hear waves
qui escent  fluid boundary layer in contact with the

alspaxget a2 ghearsforeeScon theuparpicts, dearing)itoeff frardube rwpall if the shear
l.] f t]i b tly. .

3811 BoRESRUHERT Tl RRGRES MBI R 3P SHBGSHTEY Whnin he

beehdAryi 1A9er inhdlaisothedx RR6ITBITEAEVO in tx’eaacingfdmmgca&tan the high

vibration in accordance with this inventive concep
valocity edfest @€ bulk flow: cHive adherenes steemgthioffaoparticly tostheitube wall

. Vs ' enci e he thickness of .the .
SRRSO BRNEREh S0 L0 Be B RRGE flam M stendy uni
dirbetiort New!. | Thas, whé Bleaniieffectiof sheaP Vaveo W KiphYy bfféelive.

ot herwi se stagnant w thout shear waves, w || be

forced to nove relative to the wall surface. The
[@%gf (LngTZ 66%’%?@2@8&% pﬂ:&se %teq\{l@ng)(l) %{llo gcgu%se be dependent on the
design of the heat exchanger and type of dynamic actuator employed. However,
selection will be based on determining an optimum frequency that imparts
enough energy to prevent buildup on the tube wall while avoiding damage to the
heat exchanger parts. Ideally, the driving frequency will be different from the
natural frequency of the heat exchanger part as matching the driving frequency
to the resident mode of the device can create damage to the heat exchanger parts.
An acceptable range of driving frequency would be about 200 Hz to about 5,000
Hz, more preferably about 500 Hz to 1,000 Hz, while avoiding the resonance

frequency of the heat exchange structure.

[0056] It is advantageous to use high frequency vibration for fouling
mitigation because (1) it creates a high wall shear stress level, (2) there is a high

density of vibration modes for easy tuning of resonance conditions, (3) there is



-14 Shear waves SWnear the. wall exert both drag D

and lifting L forces on the precursors or foul ant
w@20oviiadees in the fluid. The dynam c drag for ceCDUR®eD611828

the particles in notion relative to the wall,

preventing themfromcontacting the wall and thus

reduci ng the probability of the particles sticking to

the wall, which is a necessary-condition for fouling

to take place. At the sane tine, the. lifting force L

causes the particles to nove away fromthe wall
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al ready adhered to the wall, the shear waves also

exert a shear force S on the particle, tearing it off
nou
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reducing fouling than the high velocity effect o
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R
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ef fective. 100551 Sel ection of the precise frequency

damageof Qaipuslybdheecadditiontobre dirpamiie sicguwatof delvicehdft can be
exchanger, and t of .dynam c actuator. enpl oyed.
afysipnumed 33 colPhRB. A S et Oy 4B Tk Fxshenger, and
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prevent buildup on the tube wall while avoidi n%] damage
an
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can create damage to the heat exchangér parts. An

changipg sy Bovaentheonhabiconditigns p€thebuelk flowl d be about
200 Hz to about 5,000 Hz, nore preferably about 500
Hz to 1,000 Hz, while avoiding the resonance

[0058FUENSMarRiust Ao dIGEdtiCBANR PhddiCidMtRe invention as described
herein, and many different embodiments of the device and method can be made
while remaining within the spirit and scope of the invention as defined in the
claims without departing from such spirit and scope. It is intended that all
matter contained in the accompanying specification shall be interpreted as

illustrative only and not in a limiting sense.



[00561 It is advantageous to use high frequency
vibration for fouling mtigation because (1) it
wee@ansasIm hi gh wall shear stress level, (2) tPer/Esios7/e11828
high density of vibration nodes for easy tuning of
resonance conditions, (3) there is WO 2007/ 136698
PCT/ US2007/ 011828 -15 | ow di spl acenent of tube
vibration to maintain the strygetural integrity of the
heat exchanger, and (4) there is a | ow of fensive
noi se level. [00571 Sel ection of the precise nounting
| ocati on, direction, and nunber of the dynamc
CleADMSors 10 and control of the frequency of the
anplitude of the actuator output is based on inducing
enoudh t Uhdevider for igenetatinganeegys td friduce Mibratioadhto a heat
motion of the fluid near, the tube wall to reduce
SKERANESFYSIHM 1@ Mibigattpuling. comppisiti®&nent of t he
transverse tube vibration small to avoid potenti al _
t ube @ baseaincluding ansmpact isyrfadeli theobass bgingy meerrged to a heat
act uat or device 10 can be acconplished by coupling
ef%gulegten1to an existing heat exchanger, and
actuation and . control of the, dypam c actuator can be
pr ac?iS@é@&%ﬂPPQSFWO%M%FJﬂ?%%CbI ace and on
line. Since the tube-sheet flange_ is usually
acce8iBIPactayi ppyRted P sRrBEdoaded BAPRASt al | ed whi l e
the heat exchanger is in service. Fouling can be
r edu@BcactRates mositinnedy adigcentctonthet impadiandhkat selectively actuates

chanai he _flow.ar therppl .,conditi,ons.of the bul .
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gehotatysi omraﬁoﬂaseﬁérgydmah g5 Srahsferteld "hryugh fthe Rt to the heat
enbodi nents of the device and net hod can be nade

exghanger.emai ning within the spirit and scope of the
invention as defined in the <clains wthout departing
fromsuch spirit and scope. It is intended that all
matter contained in the acconpanying specification

shal R. be Thet devicecb€@lzim 1, furttdrrodnmpigsing|ay cameolét cdrihected to

alimting sense. .
the actuator that controls the impactor to move.

3.  The device according to anyone of preceding claims, in combination
with a heat exchanger, wherein the base is structurally connected to heat

exchanger.

4. The device of claim 3, wherein the heat exchanger includes a
plurality of tubes that carry fluid for heat exchange and wherein the vibrational
energy generated from the impactor is imparted to the fluid carried by the tubes.

5. The device of claim 4, wherein the base is connected so that the

impactor generates a longitudinal mode of vibration in the tubes.



WD 2007/ 136698 PCT/ US2007/011828 -16- CLAIMS: 1. A

devi ce for generating energy to induce vibration into
w@2tveasee9exchange systemto mitigate fouling, PCT/US2007/011828

conprising: a base including an inpact surface, the

base being nmounted to a heat exchanger; a spring

| oaded support nounted to the base; an inpactor

nount ed on the spring | oaded support; an actuator

positioned adjacent to the inpactor that selectively

actuates the inpactor to nove with respect to the _

i npa S : -t he t

Vi br 31 orE Seuieb ot Fld €7 HIREH He HARR, Ebfitated so that the

ilhpaetor gehbmtdrea transwarba ngele. of2vibfatordievtheaubés.cl ai m 1,

further conprising a controller connected to the

actuator that controls the inpactor to nove. 3. The

devi ce accordi ng to anyone of preceding clains, i

in
conmbiznat ige dWicB &f BRGh &% &R the'h eeisnc&ti}g?c?é}(ﬁgo that the

is structurally connected to heat exchanger.

irdpactoe gohemkeasi longitudinal end ttansvérsaimedeshafngbrationcinutie tubes.
a plurality of tubes that carry fluid for heat

exchange and wherein the vibrational energy generated
fromthe inpactor is inparted to the fluid carried by

the Bubeghed.deli® dR¢oEANE! t&| AhyBife HNRE! Prcb8ing@<Baims, in
s connected so that the ~inpactior generates a
combimation with awefinesy. vi bration in the tubes. WO

2007/ 136698 PCT/ US2007/ 011828 -17

9.  AKkit for retrofitting a heat exchanger in a refinery with a fouling
mitigation system, the heat exchanger having a heat exchange surface exposed to

fluid flow, the kit comprising:

a device for generating energy to induce vibration in the heat exchanger,
including a base with an impact surface, a spring loaded support mounted to the
base, an impactor mounted on the spring loaded support, and an actuator
positioned adjacent to the impactor that selectively actuates the impactor to

strike the impact surface;

a mounting device for forming a structural connection between the device

for generating energy and the heat exchanger; and

a controller connected to the actuator that selectively drives the actuator
in accordance with a predetermined frequency to generate vibrational energy that
is transferred through the base to the heat exchanger for producing shear waves
in the fluid flow.

10. The device according to anyone of claims 1 to 9, wherein the

impactor is a steel ball.



6. The device of claim4, wherein the base is
connected so that the inpactor generates a transverse
worp@e/18d698/i bration in the tubes. 7. The devi cepof/usioai/omi1s28
4, wherein the base is connected so that the inpactor

generates | ongitudinal and transverse nodes of
vibration in the tubes. 8. The device according to
anyone of the preceding clai.ng-in conbination with a
refinery. 9. Akit for retrofitting a heat exchanger
inarefinery with a fouling mtigation system the
heat exchanger having a heat exchange surface exposed
to quid flow, the kit conprising: a device for

to ind i brati t he,.h
Ochdgerthe ERRE AdorERgeBotayart of the hretellE Kpims, qvherein

ﬂ?@iﬂxﬂ% ld&%@ﬁ@uﬁﬂ@&%% refvieheshd. 0 the base, an
I npactor nounted on the spring | oaded support, and an

actuator positioned adjacent to the inpactor that
sel ectively actuates the inpactor to strike the

i npa surfacge:. a noun device fer, form a .. .
St gy dmefSyist FRRlnRRoCHIE HEine réidiing claims, wherein
tigeaRualor i9ak eRIciONdEhet he heat exchanger; and a

controller connected to the actuator that selectively
drives the actuator in accordance with a

predeterm ned frequency to generate vibrational energy

that ysis ARe] e 8ok U&i‘ ak&gnpa&ecfa? tshf e?g, wherein the
exchanger for producing e ui
conpotlerlipelutes aCkﬁ.vls@ge@s:raaﬁdl ng to anyone of cI aims 1

to 9, wherein the inpactor is a steel ball. WO

2007/ 136698 PCT/ US2007/011828 -18 11. The device

according to anyone of the preceding clains, wherein

14. The device according to anyone of the preceding claim, wherein the

impactor is made of metal and the impact surface is made of metal.

15. The device according to anyone of claims 2 to 14, wherein the
controller controls the actuator based on a predetermined pattern to generate

vibrations at a certain frequency.

16. The device according to claim 15, wherein the controller controls
the actuator to generate vibrations at a frequency of between about 200 Hz and

5,000 Hz.

17. The device according to claim 16, wherein the controller controls
the actuator to generate vibrations at a frequency of between about 500 Hz and

1,000 Hz.



the spring | oaded support is a resilient rod. 12. The

devi ce according to anyone of the preceding clains,
wob@resaIs t he actuator is an el ectromagnet. 13PCT82007/011828

devi ce according to anyone of clains 2 to 12, wherein

the controller includes a pulse generator. 14. The

devi ce according to anyone of the preceding claim

wherein the inpactor is madeigof netal and the inpact

surface is made of netal. 15. The device according to

anyone of clains 2 to 14, wherein the controller

cont ri@l s a r ] .

o gdter A P ChQlortlSo WhyBpl F MEPRAHNE FARL further
cohpridtvg ce seasor doupléd to! dienhtat eMebafgéer tad connected to the

controller controls the actuator to generate )
conispHer nproyide faedbacle rrigting to thenibrationsuindgoed by theémpactor.

5,000 Hz. 17. The device according to claim 16,

wherein the controller controls the actuator to

generate vibrations at a frequency of between about

500 H8. arithe devio® ofizlai¥® 12Q0F Ahd A0S F&Tih dBaMinafidA 3ieh a heat

-19 18. Tne devi ce accordj ng to, anyone .of the '
exFRANSST.NyNeTedn te esnfratediirequengiasdpnge o o8 1HA0Ha.

to the heat exchanger and connected to the controller

to provide feedback relating to the vibrations induced

by the inpactor. 19. The device of clains 1 to 8 and

10 to 18, in conmbination with a heat exchanger,

wherei n the generated frequencies range from 200 -

10, 000Hz.



